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Abstract
Digitaria exilis (Kippist) Stapf (also known as acha, hungry rice) has been cultivated for millennia 
in the dry savannahs of West Africa, but much remains to be learned about its nutritional 
properties. Acha was collected in four villages in Northern Nigeria and analyzed for fatty acids, 
minerals, amino acids and antioxidant content. Fatty acids accounted for 1.91% of the dry weight, 
with 47.4% linoleic acid and 30.5% oleic acid. The content of the essential minerals, copper, 
magnesium, molybdenum, zinc and calcium averaged 4.88, 1060, 0.23, 23.0 and 172 μg/g, 
respectively. The protein content was 6.53% and the essential amino acid pattern, except for 
lysine, compared favorably to a World Health Organization (WHO) reference protein. The total 
polyphenolic content of methanolic extracts of acha matched that of common cereals (for 
example, maize, rice, wheat) and the extracts contained substantial amounts of free-radical 
scavenging substances. Thus, acha is a source of many nutrients critical to human health.
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INTRODUCTION
Cereals are an important source of many nutrients for populations in all regions of the world, 
but especially for people living in underdeveloped countries where the lack of protein-rich 
foods and economic constraints compel them to rely upon cereals such as maize, sorghum, 
millet or rice as the staple of their subsistence diets (Burkill, 1994; National Research 
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Council, 1996; Protabase Record available at http:/database.prota.org/dbtw-wpd/exec/
dbtwpub.dll?AC+QBE_QUERY&BU=http://atabase; Coda et al., 2010).
Acha (Digitaria exilis (Kippis) Stapf), also called pene, fonio, petit mil, fundi and hungry 
rice in different regions of Africa, is a member of the cereal family that includes maize and 
millet (Burkill, 1994; National Research Council, 1996; Jideani and Jideani, 2011; Philip 
and Itodo, 2006, 2012). The plant is grown from Cape Verde to Lake Chad and in other 
regions of sub-Saharan Africa where it provides dry-savannah populations with a cereal 
staple or major dietary component that compares favorably with rice, sorghum, maize and 
millet in terms of its content of protein, crude fat, carbohydrate and essential minerals 
(Leung et al., 1968; Burkill, 1994; National Research Council, 1996; Irving and Jideani, 
1997; Jideani, 1999). Acha (funde) was imported into the New World from West Africa in 
the 15th Century and is cultivated and consumed by populations in the Dominican Republic 
(Dieve, 1974).
Acha is often referred to as “hungry rice” by the indigenous people of West Africa who 
consume this grain; however, this is a misleading term, implying it is a ‘famine food’ 
consumed only during times of food scarcity. In fact, acha is prized for its taste and plays 
important economic and cultural roles in West Africa (National Research Council, 1996). 
Acha is of considerable importance in Nigeria where it is commonly eaten, often in 
preference to other cereals, as many as three times a day as a porridge, couscous or non-
alcoholic beverage (National Research Council, 1996; Jideani, 1999). It is also valued as a 
weaning food because of its low bulk and high caloric density. Acha requires minimal 
processing and can be cooked quickly. Other attributes of acha are that it grows even where 
rainfall and soil fertility are poor (Jideani, 1999) and can be stored in closed containers for 
many years without need of preservatives. Furthermore, contrary to the misconception 
mentioned above that some regard acha as a food only for poor populations, in Nigeria, it is 
widely regarded as a prestige food.
Although the literature contains reports of the content of certain nutrients in acha (Leung et 
al., 1968; Dieve, 1974; Temple and Bassa, 1991; Barikmo et al., 2004), it should be kept in 
mind that nutrient data for a particular plant food from one region of Africa may not 
necessarily be representative for the same plant grown in some other region where the 
climate, soil conditions and farming practices may be different.
Despite its popularity as a food item for millions in Africa, and the availability of 
informative reports of the nutrient composition of acha (Jideani et al., 1994; Philip and 
Itodo, 2006; Fogny-Fanou et al., 2009; Jideani and Jideani, 2011), there remains a need for 
additional information regarding its content of fatty acids, minerals and antioxidants. 
Furthermore, the nutrient content of a particular plant food can vary considerably between 
countries and even regions within a country due to variations in temperature, rainfall, 
fertilizer use and the nutrient content of the soil (Greenfield and Southgate, 1992). Chukwu 
and Abdul-Kadir (2008) recently conducted a study of the proximate chemical composition 
of acha in which they determined the content of 18 amino acids and 8 essential minerals in a 
sample of acha purchased in the Central Market in Minna, Nigeria. These investigators 
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found that acha contained more of methionine and certain essential minerals, and trace 
elements (calcium, magnesium, iron and copper) than most cereals.
The main purpose of the present study was to replicate and extend the study by Chukwu and 
Abdul-Kadir (2008) by determining the fatty acid composition, amino acid content and the 
amounts of 13 minerals and trace elements in some specimens of acha purchased in markets 
in four different villages in Plateau State, Nigeria. In addition, we estimated the quantity of 




Acha was purchased in 2009 from retailers in open-air markets located in four villages 
(Rantya, Bokkos, Ganawuri and Hoss) in Plateau State in north-central Nigeria. The 
approximate distances of these villages from the center of the city of Jos range from 10 km 
(Rantya) to 150 km (Bokkos). Botanical documentation of the identity of the four specimens 
of acha was provided by Dr. Timothy K. Lowrey, Curator of the University of New Mexico 
Herbarium Museum of Southwestern Biology, Albuquerque, New Mexico, USA. The grains 
were hulled and milled locally and then sun-dried and ground to powder with the aid of a 
mortar and pestle. Immediately prior to analyzing the four acha specimens for their content 
of fatty acids, minerals and trace elements, amino acids and antioxidants, they were dried to 
a constant weight as specified below. Each of the four acha specimens was analyzed in 
triplicate and results reported as mean ± standard deviation. All analyses were performed in 
accredited laboratories in Taiwan and the United States.
Lipid extraction and fatty acid analysis
Prior to lipid extraction, powdered acha was vacuum-dried for 12 h using an Eyela 
centrifugal evaporator CVE-1000 (Tokyo, Japan). Total lipids were extracted using the 
method of Folch and coworkers (1975), with minor modifications (Glew et al., 2009). The 
extracted lipid was then reconstituted to 0.5 mL with chloroform. To prepare fatty acid 
methyl esters, a 0.1 mL aliquot of the chloroform solution of the total lipid fraction was 
evaporated under a stream of nitrogen, and then reacted with 14% (w/v) boron trifluoride 
methanol complex (BF3) (Morrison and Smith, 1964) for 20 min at 95°C. The fatty acid 
methyl esters were extracted with 1 mL of hexane. The profile of the fatty acids in the 
hexane extract (1 μL) was determined by gas chromatography (GC) as previously described 
(Glew et al., 2009).
Mineral analysis
Samples (0.2 g) of vacuum desiccator-dried and powdered acha were weighed into 125 mL 
Phillips beaker, covered with watch glass and digested at 150°C for 30 min with 10 mL of 
concentrated nitric acid and 0.6 mL of 60% perchloric acid. The watch-glass cover was then 
removed and the samples were brought to near dryness at 120°C. The digested samples were 
cooled to room temperature and brought to 10 mL with 4% nitric acid/1% perchloric acid. 
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The digested samples were analyzed for metal content by inductively coupled plasma optical 
emission spectrometry (ICP-OES) as described earlier (Fernandez et al., 2003).
Amino acid analysis
Twenty milligrams of desiccator-dried acha were hydrolyzed in 6 N HCl containing 1.0% 
(w/v) phenol at 110°C for 24 h in vacuo, and the resultant amino acids were separated and 
quantified using a Hitachi Amino Acid Analyzer L8900 (Tokyo, Japan) according to the 
manufacturer’s instructions (Dionex Corporation, 2001) and previously described methods 
(Ozols, 1990; Clark et al., 1999; Jadnick et al., 1999). For the determination of methionine 
and cysteine, samples were oxidized with performic acid (Hirs, 1967) prior to acid 
hydrolysis. The coefficient of variation of the method ranged from 0.6 to 11% for the amino 
acids reported. Tryptophan was not measured because hydrolysates of acha were 
incompatible with the particular chromatography column used to resolve and quantify amino 
acids.
Determination of total phenolic compounds
A one gram sample of acha was extracted three successive times for 24 h at 25°C with 20 ml 
of methanol in a shaker incubator at 125 rpm and then centrifuged at 1,000 × g for 10 min. 
The supernatants were combined, filtered through type 5A filter paper (Advantec, Tokyo, 
Japan) and evaporated using a vacuum concentrator. Finally, the acha extract was 
lyophilized and the dry weight of the extract determined. The total phenolic acid content of 
the methanol extract obtained above was estimated using the Folin-Ciocalteu colorimetric 
assay (Singleton et al., 1999). Gallic acid was used as the standard (0 to 40 mg/L), and 
results were expressed as mg of gallic acid equivalent (GAE) per gram dry weight of 
original acha specimen. These measurements were performed in triplicate.
The 1,1-diphenyl-2-picrylhydrazyl free-radical scavenging assay
The ability of the methanol extracts of acha to neutralize the free radical 1,1-diphenyl-2-
picrylhydrazyl (DPPH) (Sigma Chemical Co.) was determined using the method of Yu et al. 
(2002). The lyophilized methanol extract was dissolved in distilled water and diluted to the 
appropriate concentration. One hundred microliters of the diluted solutions were aliquoted 
into the wells of a 96-well plate and mixed with 0.1 mL of 0.2 mM DPPH reagent. Distilled 
water served as control, and DPPH was replaced with distilled water to provide the blank. 
The plate was left to stand in the dark at 25°C for 30 min after which the absorbance was 
measured at 517 nm with the aid of an Anthos Zenyth 3100 Enzyme-linked immunosorbent 
assay (ELISA) reader (Anthos Labtec Instruments, Saltzburg, Austria). The DPPH 
scavenging activity was calculated as: DPPH scavenging (%) = [1 − (sample absorbance / 
control absorbance)] × 100%. The EC50 is the concentration (mg/mL) of the methanolic 
extract of acha required to scavenge 50% of the DPPH radicals in the assay.
Statistical analyses
Data were analyzed by analysis of variance (ANOVA) and Duncan’s multiple range test 
using Number Cruncher statistical software (version 6, 2004, Kaysville, UT, USA). A p 
value less than 0.05 was considered statistically significant.
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Fatty acid composition and content
Since the fatty acid percentages for the acha specimens gathered at the four different 
locations were statistically indistinguishable, the four data sets were averaged (Table 1). 
Fatty acid accounted for 15.0 to 25.6 mg/g of the total dry weight of the four acha specimens 
and averaged 1.91% of the dry weight (Table 2). The acha from Hoss contained the highest 
amount of total fatty acid (25.6 mg/g dry weight) and that from Ganawuri contained the 
lowest amount (15.0 mg/g dry weight). Saturated fatty acids (mainly palmitic acid and 
stearic acid) represented, on average, only 18.1% of the total fatty acids. Noteworthy was 
the finding that, on the basis of percentage or absolute amount, the essential omega-6 fatty 
acid linoleic acid was the most abundant fatty acid in all four of the acha specimens. The 
acha contained very little α-linolenic acid. Furthermore, the average omega-6/omega-3 ratio 
for the four specimens was 41/1.
Acha, like most whitened cereals, does not contain very much fatty acid (Table 2) (mean, 
1.91% of dry weight). The daily recommended intakes of linoleic acid and α-linolenic for an 
adult are 13 to 17 g and 1.1 to 1.6 g, respectively (World Health Organization, 2007). Fifty 
grams dry weight of acha would provide only about 0.4 g of linoleic acid and 0.01 g of α-
linolenic acid. The quantity of α-linolenic acid in acha represents 2% or less of the daily 
requirement for an adult (World Health Organization, 1985). Furthermore, the fatty acid 
profile of acha is disadvantageous in respect of human nutrition because the ratio of linoleic 
acid/α-linolenic acid is relatively high at 41/1.
To put this ratio into perspective, consider that the linoleic/α-linolenic acid ratio in many 
western diets is in the range of 10/1 to 20/1. A linoleic acid/α-linolenic acid ratio greater 
than 5/1 is widely regarded as proinflammatory and generally unhealthful (Simopoulos et 
al., 1999; Simopoulos, 2002), especially with regard to cardiovascular disease and certain 
cancers (Ozols, 1990; Jadnick et al., 1999). In contrast to acha, the linoleic acid/α-linolenic 
acid ratio of black finger millet is 5.5/1 (Masum-Akond et al., 2002). To our knowledge, 
there are no fatty acid data in the literature for acha against which we might compare our 
data; however, Jideani (1999) reported that acha contains 2.5% crude fat, a value that is 
consistent with our finding of an average fatty acid content of 1.91% (Table 1). Others 
(National Research Council, 1996) have reported a fat content of 1.8% for acha.
Mineral and trace element content
The mean calcium content of the four acha samples was 172 g/g dry weight and the mean 
copper content was 4.88 g/g (Table 3). The magnesium content of the four acha samples 
ranged from 826 g/g in the acha from Ganaweri to 1520 g/g in Hoss. There was a very wide 
range (11.9 to 121 g/g) in the iron content of acha. The mean manganese content was 14.8 
g/g. All four acha specimens contained high levels of zinc (20 to 26 μg/g) while selenium (a 
component of glutathione peroxidase known to defend the body against oxidative stress 
related diseases) was not detected in any of the four samples of acha. As for unhealthful 
elements, all of the plants contained significant amount of strontium (0.70 to 1.35 g/g) but 
lead was not detectable (data not shown). We were interested in estimating the extent to 
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which acha grown on the Jos Plateau might contribute to satisfying the calcium and iron 
requirements of humans. The recommended daily intakes of calcium (Bhatia, 2008) and iron 
(Andrews, 1999) for an adult male are 1,000 and 10 mg, respectively. From the data in 
Table 3, one can estimate that 50 g dry weight of acha would provide only about 10 mg of 
calcium or 1% of the daily recommended amount but 2.5 mg or 25% of an individual’s daily 
iron need. Acha could also contribute significantly to an adult’s daily needs of copper, 
magnesium and zinc. As for minerals and trace elements, acha obtained in Minna and that 
purchased in Plateau State contained similar amounts of calcium and magnesium (Chukwu 
and Abdul-kadir, 2008); however, the acha gathered in Minna contained one-fourth less 
copper but 3 to 4-fold more iron than the acha from the Jos Plateau that we analyzed in the 
present study.
Amino acid composition and content
As shown in Table 4, the protein content (obtained by summing all the amino acids together) 
of the four acha specimens ranged from 4.65 to 8.02% (mean, 6.53%). Temple and Bassa 
(1991), using a direct method for estimating protein, reported that acha contains 7% crude 
protein. To assess the quality of the protein in the acha specimens, we compared their 
proportions of essential amino acid (except tryptophan) to the proportions of the same amino 
acids in a WHO reference protein (World Health Organization, 1985). The data in Table 5 
show that acha scored above 100 for five of seven essential amino acid categories. The 
scores for lysine and threonine were 42 and 90%, respectively, of the corresponding amino 
acids in the WHO reference protein. The sulfur amino acid (that is, cysteine plus 
methionine) score for acha was 231, which is high relative to that for other West Africa 
staple cereals (rice, maize, millet and sorghum). With regard to the other essential amino 
acids or amino acid pairs; isoleucine, leucine, threonine, valine and phenlyalanine plus 
tyrosine, the essential amino acid scores for acha ranged between 106 and 150 (Table 5).
Thus, in terms of protein content and its pattern of amino acids relative to the WHO 
standard, the acha samples from four different villages on the Jos Plateau of North-central 
Nigeria contained moderate amounts of protein and, except for lysine, a pattern of essential 
amino amino acids that compared favorably to a WHO reference protein (World Health 
Organization, 1985). The amounts and proportions of amino acids in the acha obtained in 
four different villages in Plateau State are similar to values reported by Chukwu and Adbul-
kadir (2008), Temple and Bassa (1991), and others (National Research Council, 1996) for 
acha. As others have noted previously (World Health Orgnaization, 1985; Chukwu and 
Abdul-kadir, 2008; Carbenier et al., 1960; Vodouhe et al., 2003), it was also found in this 
study that acha protein contains relatively high proportions of the sulfur amino acids 
(methionine and cysteine), and glycine, glutamate/glutamine, proline and leucine (Table 3).
The protein in a typical serving of acha could satisfy about 10% of the daily needs of an 
adult for all of the essential amino acids except lysine which scored only 42% relative to the 
WHO standard protein (Table 5). For example, consumption of 50 g dry weight of acha 
(about 65 g of freshly-harvested acha) with a protein content of 7% would provide 3.5 g of 
protein, or a little less than populations relying heavily on this grain should be advised to 
consume other food sources such as soy beans that would supplement their lysine intake.
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The mean polyphenol content of the acha specimens from the four villages was 2.0 (0.01) 
mg/g dry weight, which is similar to the polyphenol content of 2.2 to 3.2 mg/g reported for 
rice (Chotimarkon et al., 2008), 1.29 mg/g for wheat (Masum-Akond et al., 2002) and 0.8 to 
1.4 mg/g for oats (Adom and Liu, 2002). The DPPH radical-scavenging activity of the 
methanol extracts of the four acha specimens, expressed as the EC50 value, was 0.51 
units/mL which is similar to values reported for several varieties of winter wheat (Kähkönen 
et al., 1999). The total phenolic content of methanolic acha extracts, estimated as gallic acid 
equivalents (GAEs), is in the range of values reported for other cereals, including rice, 
wheat, maize and oats (Adom and Liu, 2002; Masum-Akond et al., 2002; Chotimarkon et 
al., 2008). However, although the ability of methanolic extracts of our four acha specimens 
to neutralize free radicals was poor relative to similar extracts of green leafy vegetables, the 
antioxidant content of acha was similar to that of other grains which, in general, are not rich 
in these types of substances.
The overall result of this study was the finding that acha grown on the Jos Plateau contains 
useful amounts of the essential fatty acid linoleic acid (Table 2), a number of essential 
minerals and trace elements, including copper, iron, magnesium, molybdenum and zinc 
(Table 3), and nutritionally-significant amounts of good-quality protein (Tables 4 and 5). 
However, compared to another common cereal grown on the Jos Plateau, namely black 
finger millet (Glew et al., 2008), acha appears to be a poor to moderate source of α-linolenic 
acid, calcium, chromium, manganese and lysine. It has long been recognized that acha is a 
poor source of lysine (Food and Agriculture Organization, 1970; Chukwu and Abdul-kadir, 
2008).
The wide variation we found for the iron content of the four acha specimens could be due to 
contamination introduced by the tools used by the local farmers to gather and mill acha. In 
contrast, the percentages of individual fatty acids between the four different specimens of 
acha analyzed in the present study was small (less than 16%) relative to the large variations 
in the content of various minerals which ranged from 13 to 117% (Table 3). This 
observation indicates that the fatty acid composition of acha grown in different locations on 
the Jos Plateau was much less dependent on soil conditions and climate than the mineral 
content of acha. Nevertheless, it would be useful to test under controlled conditions the 
effects of light, temperature, rainfall and fertilizer use on the nutrient composition of acha.
In light of the relatively high incidence of malnutrition (for example, stunting, underweight, 
wasting) and deficiencies of zinc and other micronutrients in Nigeria and many other regions 
of West Africa (Carbenier et al., 1960; Thacher et al., 1999 ; Agyei-Frempong et al., 2001; 
Lutter and Rivera, 2003; Vodouhe et al., 2003; Adu-Afarwuch et al., 2008), the information 
in this study should serve to both underscore the significant contributions acha can make to 
the human diet; however, it also points out certain nutritional limitations of this cereal grain, 
in particular, its low content of lysine, the minerals and trace elements calcium, manganese, 
selenium and the essential fatty acid (α-linolenic acid).
Future studies should be aimed at identifying means and growing conditions that would 
increase the content of these particular nutrients in acha. There is also a need for studies of 
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the bioavailability of various nutrients in acha and on the potential thyroid toxicity of 
flavonoids contained in the seed (Startelet et al., 1996). Furthermore, the suggestion by 
Jideani (1999) that acha might be a useful component of special diets for individuals with 
diabetes remains to be evaluated. Finally, since the Jos University Teaching Hospital in Jos, 
Nigeria (Fernandez et al., 2002; Bond et al., 2005) and institutions elsewhere in West Africa 
(Agbon et al., 2009) have a long-standing interest in developing cereal-based weaning foods 
and complimentary foods for malnourished children and adults, the information provided 
herein regarding the nutrient content of acha should be helpful to dieticians in Nigeria and 
elsewhere in the world, including the Caribbean region where acha is also grown (Leung et 
al., 1968), who are interested in developing the next generation of complementary foods.
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Table 5
Comparison of the amino acid composition of acha to black finger millet and the WHO reference protein 
(World Health Organization, 1985)
Amino acid WHO ideala (% of total) Black finger millet
b (% of 
total) Acha
c (% of total) Acha × 100/ WHO ideal
Isoleucine 4.0 4.8 4.3 108
Leucine 7.0 10.4 8.2 117
Lysine 5.5 2.6 2.3 42
Methionine plus cysteine 3.5 6.2 8.1 231
Phenylalanine plus tyrosine 6.0 6.7 9.0 150
Threonine 4.0 3.9 3.6 90
Valine 5.0 6.8 5.3 106
a
WHO (World Health Organization, 1985),
b
data from Glew et al. (2008),
c
averages from Table 4 of this report.
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